projections." [IPCC] 2007). Ecologists suspect that this temperature change has influenced the phenology and distribution of many organisms
, yet the magnitude of these ecological changes may be relatively minor compared with those in future years. Climatologists predict that global temperatures will increase by as much as 1. 1-6.4 • C during the next century (Duffy et al. 2006 , IPCC 2007 . In addition, changes in the amount and timing of precipitation, the frequency of extreme weather events, and sea level are expected (Hayhoe et al. 2004 , IPCC 2007 . All of these changes are likely to affect ecological processes and the distribution, abundance, and persistence of many organisms (Hannah et al. 2002 , McLaughlin et al. 2002 , Root and Schneider 2006 . As a result, ornithologists are increasingly concerned with understanding the response of bird populations to climate 5 E-mail: nseavy@prbo.org The Auk, Vol. 125, Number 1, pages 1-10. ISSN 0004-8038, electronic ISSN 1938-4254. c Permissions website, http://www.ucpressjournals.com/reprintInfo.asp. DOI: 10.1525 /auk.2008 change (Sanz 2002 , Winkler et al. 2002 , Crick 2004 , Both et al. 2006 , Rodenhouse et al. 2008 (Crick 2004 , Chambers et al. 2005 , Wormworth and Mallon 2006 and discussed methods of incorporating climate change into demographic modeling (Saether et al. 2004 (Saether et al. ,Ådahl et al. 2006 (Parmesan and Yohe 2003 , Root et al. 2003 , Parmesan 2007 . The hypothesis that avian phenology and distribution are being influenced by climate change is supported by shifts in migration timing (Butler 2003 , MurphyKlassen et al. 2005 , MacMynowski et al. 2007 ) and initiation of breeding (Crick and Sparks 1999, Dunn and Winkler 1999) and changes in elevational (Pounds et al. 1999 , Peh 2007 and latitudinal distributions (Thomas and Lennon 1999 , Hitch and Leberg 2007 , La Sorte and Thompson 2007 (Peterson et al. 2002 , Kueppers et al. 2005 , Jetz et al. 2007 (Huntley et al. 2006) , and large changes in bird community composition in northeastern North America (Rodenhouse et al. 2008) . However, the accuracy of these models rests on a number of simplifying assumptions, most notably omitting the effects of species interactions on patterns of distribution while assuming that future climate-distribution relationships will be the same as those observed today (Davis et al. 1998 , Guisan and Thuiller 2005 , Heikkinen et al. 2006 , Ibanez et al. 2006 . In addition, because these models are generally used to describe species distributions at a relatively coarse spatial scale, they may be of limited use for understanding changes at the finer spatial scale at which many management decisions are made.
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A third approach is based on understanding the underlying demographic mechanisms through which climate change influences population dynamics (Root and Schneider 1993 , Saether et al. 2004 , Ibanez et al. 2006 (Sillett et al. 2000 , Chase et al. 2005 , Lehikoinen et al. 2006 ), survival (Peach et al. 1991 , Robinson et al. 2007 , and breeding phenology (Frederiksen et al. 2004 (Stott et al. 2000) . To project future climate, climate modelers use emissions scenarios that describe how forcings will change over time. The IPCC has generated 40 emissions scenarios that are grouped into families representing common themes. Nakićenović and Stewart (2000) presented four families of scenarios (identified as A1, A2, B1, and B2) (Murphy 1999 , Busuioc et al. 2006 , Fowler et al. 2007 ). (Dai et al. 2001a) . This BAU scenario is roughly equivalent to the average of the current IPCC scenario families (Dai et al. 2001b (Fig. 2) Chase et al. (2005; their fig. 3 Chase et al. (2005) , suggests that these two variables are correlated: years are generally dry and warm or wet and cool (Fig. 2) . On the basis of Worldclim data, the average May-June temperature in 2100 at Palomarin is expected to be substantially warmer (by 2.5
EMISSIONS SCENARIOS AND GLOBAL CIRCULATION MODELS

Climate forcings are natural and anthropogenic factors that influence the Earth's climate (IPCC 2007). Important anthropogenic forcings include "greenhouse" gases and patterns of land use
AN EXAMPLE OF THE PROCESS
. On the basis of Worldclim data, annual precipitation for the Palomarin Field Station area is expected to increase from a current long-term average of 1,029 mm year -1 to 1,091 mm year -1 in 2100 (Fig. 1). Using these values in the regression equation presented by
• C), whereas annual precipitation is expected to be only slightly higher (62-mm increase), compared with current conditions (Fig. 1) . Such a change would shift climatic conditions outside the range of historical variation (Fig. 2) , such that future weather will present combinations of temperature and precipitation that were rarely or never observed during this field study (Fig. 2) . As a result, the observed relationship between precipitation and seasonal fecundity may not hold under warmer conditions. (Arcese et al. 1992 ) and precipitation (Dugger et al. 2000 , Sillett et al. 2000 . Because the effects of climate on survival and immigration may counteract or compound any effects of climate on productivity, the relative importance of these vital rates in affecting the population's growth rate should be considered (Ådahl et al. 2006) . Ultimately, the demographic consequences of climate change will need to be synthesized in the context of population growth rates rather than the effects on a single vital rate (Saether et al. 2004 (Saether et al. ,Ådahl et al. 2006 Chase et al. (2005) and DeSante and Geupel (1987) (Manabe et al. 1991 ) could be applied to relationships between sea surface temperatures and seabird reproduction and survival (Jenouvrier et al. 2003 , Lee et al. 2007 (Snyder et al. 2003 , Wolf 2007 . Because wind patterns are also an important component of migration strategies (Butler et al. 1997 , Liechti and Bruderer 1998 , Sinelschikova et al. 2007 ), these models could also be applied to the consequences of climate change for bird migration. Climate models can also be used to make projections about hydrological consequences of climate change (Fowler et al. 2007) , which may be important for many riparian-associated species (Moreno-Rueda and Rivas 2007) .
OTHER APPROACHES TO INTEGRATING CLIMATE MODELS AND WEATHER-RELATED RESEARCH
Extreme weather events.-Changes in the frequency and intensity of extreme weather events are recognized as an important component of climate change (Parmesan et al. 2000 , Jentsch et al. 2007 . Events such as late-winter snow storms, floods, droughts, and heavy rains may have important demographic consequences for some birds (Martin and Wiebe 2004, Altwegg et al. 2006) . For example, >90% of the Song Sparrow population on Mandarte AUK, VOL. 125
Island died following an unusually cold period in February 1989 (Arcese et al. 1992 . Climate models that predict the magnitude and frequency of extreme events continue to be developed (Easterling et al. 2000 , Bell et al. 2004 , and integrating them with stochastic models of population growth will be an important component of understanding the response of bird populations to climate change (Lusk et al. 2001 , Saether et al. 2004 .
Large-scale climate fluctuations.-Climate models can also be used to describe the frequency and intensity of large-scale climate fluctuations, such as ENSO and the North Atlantic Oscillation (Christoph et al. 2000 , Lin 2007 . For numerous bird species, demography (Sillett et al. 2000 , Lehikoinen et al. 2006 , Sedinger et al. 2006 , Lee et al. 2007 ) and phenology (Forchhammer et al. 2002 , MacMynowski et al. 2007 ) are associated with variation in these indices. Current models suggest that increased greenhousegas concentrations will increase the frequency and intensity of ENSO events (Timmermann et al. 1999) . For Galapagos Penguins (Spheniscus mendiculus), population modeling revealed that relatively small increases in the frequency of ENSO events increased the probability of extinction to 80%, more than double the probability calculated for the current ENSO regime (Vargas et al. 2007 ).
THE IMPORTANCE OF COLLABORATING WITH CLIMATE MODELERS
Understanding the effects of climate change on bird populations will require multiple lines of research. Root and Schneider (1995) (Schneider and Root 1996 , Suttle et al. 2007 , Williams and Jackson 2007 (Schneider and Root 1996 , Berteaux et al. 2006 , Krebs and Berteaux 2006 . Climate models will play an important role in this process. Ornithologists can take several steps to put their work in the context of these models. Regional summaries of climate projections provide one resource for ornithologists interested in understanding the magnitude of effects projected for their study sites. Examples of such reviews include those for California (Hayhoe et al. 2004) , the northeastern United States (Hayhoe et al. 2007) , Europe (Räisänen et al. 2004), and Africa (Paeth and Thamm 2007 
